1.. INTRODUCTION {#sec1}
================

Venous thromboembolism leads to significant morbidity and mortality that affects millions of people worldwide ([@ref1]-[@ref2]). Deep vein thrombosis (DVT) is a common cause of admission to the emergency departments (ED) ([@ref2]-[@ref4]). The most common complication of DVT is pulmonary embolism, with a 25 to 35 percent mortality rate for untreated patients. Lower extremity DVT in the popliteal vein and above is asymptomatic in 78-88% of the patients. In the absence of timely treatment, 50% of patients will have serious complications such as pulmonary embolism ([@ref5]-[@ref6]). Since some patients may not have symptoms such as pain and swelling in the early stages of DVT or despite the presence of an extensive DVT, history and physical examination are unreliable in diagnosing DVT ([@ref7]).

Currently, Doppler ultrasonography of the entire lower limb is the first-line imaging modality. But most EDs do not access to full-time radiologists which can lead to delayed diagnosis ([@ref8]-[@ref9]). Additionally, using d-dimer test and other diagnostic imaging studies for diagnosis of DVT is time consuming, which consequently increases the risk of complications such as pulmonary embolism. Therefore, there is a need for a quick and effective diagnostic test to diagnose DVT ([@ref6]).

Using bedside ultrasound seems to be useful, but its diagnostic value is still unclear. Three-point compression ultrasonography performed by the emergency physician has been recommended as a simple and inexpensive method that can save lives by reducing the diagnostic time ([@ref2], [@ref10], [@ref11]). In a meta-analysis, the three-point Doppler ultrasound performed by the emergency medicine physician had a sensitivity and specificity of 96.1% and 96.8%, respectively. This study evaluated several studies that included a variety of methods including two-point ultrasound and three-point of total lower limb ([@ref6], [@ref12]). Although some studies investigate the diagnostic value of three-point compression ultrasonography for diagnosis of DVT by the emergency physicians, there are very few studies to evaluate the accuracy of performing this diagnostic modality by the emergency medicine residents ([@ref6], [@ref12]-[@ref14]).

2.. AIM {#sec2}
=======

The aim of this study was to evaluate the diagnostic accuracy of beside three-point compression ultrasonography performed by emergency medicine resident in diagnosis of lower limb DVT.

3.. METHODS {#sec3}
===========

This cross-sectional prospective diagnostic study was performed on patients presented to the ED of Imam Khomeini Hospital in Sari, Iran, with suspected lower extremity DVT, from March to November 2018. Exclusion criteria were diagnosis of DVT or pulmonary embolism before the initial visit, age under 18 years, history of performing Doppler ultrasonography before initial visit to the ED and history of vascular surgery and fracture (trauma). Finally, 72 people were enrolled in the study. We obtained approval from the institutional ethics committee and received written informed consent from each patients. This study is registered in the Iranian Registry of Clinical Trials Database (IRCT20190309042978N1; <http://www.irct.ir>).

Due to the fact that ultrasonography was performed by a third year emergency medicine resident, all the third year residents participating in the study were given a training on compression ultrasonography of the lower limb before starting the study. The diagnosis was based on two types of bedside and conventional sonography. The diagnosis of DVT in sonography was based on the incompressibility of the venous vessels of the lower limbs, including the common femoral vein vessels, deep femoral vein and popliteal vein. First, all patients in the ED were subjected to bedside ultrasonography. The device used was Medison SonoAce, that made by Germany. First, we placed the patient in the supine position and the lower limb as the external rotation, and placed the linear probe in the transverse section under the inguinal ligament. Using Doppler, we identified the common femoral vein and artery. Then, compressibility of the veins or its non-compressibility was checked by pressure of the probe on the vein, and then we examined the femoral and saphenous a little lower (which is a region that is prone to high rates of DVT due to increased turbulence). Then, we found a deep femoral artery and examined compression a little lower. Then, the patient's knee was flexed and the probe was placed in the popliteal fossa and compressibility or non-compressibility of the popliteal vein was evaluated. Inability to compress the veins was considered positive and DVT diagnosis was confirmed. Then patients transferred to the radiology department and Doppler ultrasonography were performed by a radiologist, as a reference test. The diagnostic time was compared between the two groups. The diagnostic time was calculated from the time the patient arrived at the ED until DVT was diagnosed.

**Statistical analysis**

We used Shapiro-Wilk to test whether data were normally distributed. The online EBMcalc Medical Calculator was used to determine the diagnostic characteristics of the index tests based on the reference standard; including sensitivity, specificity, predictive value, and likelihood ratio. Also, the agreement rate between the 3rd-year emergency medicine resident and radiologist was evaluated while calculating the Kendal's score. Data analysis were performed using IBM SPSS 24 software. A P-value of 0.05 or less was considered statistically significant.

4.. RESULTS {#sec4}
===========

Of the 72 patients enrolled in the study, half of the patients were male and the other half were female, with an average age of 36±19. The mean of patient admission time to perform ultrasonography by an emergency medicine resident was 14.05 ± 19 minutes and the mean time of to perform Doppler sonography by radiologist was 216±140 minutes. The two groups had a statistically significant difference in terms of the time it takes to perform ultrasonography (P=0.0001). Most clinical symptoms of the patients included pain (25%), swelling (67%), redness (3%), weakness (6%) and dyspnea (11%). Altogether, in the bedside ultrasonography by the emergency medicine residents, 66 (91.67%) patients were diagnosed with DVT and in 6 (8.33%) patients embolism were detected. The final diagnosis given by the radiologist using Doppler ultrasonography included 42 patients (58.3%) with normal findings, 26 patients (36.1%) with DVT, 2 (2.8%) patients with cellulite and also 2 patients with Baker cysts ([Figure 1](#fig1){ref-type="fig"}).

A total of 26 cases had definite DVT diagnosis. Although the ultrasonography performed by the emergency medicine residents has a relatively low sensitivity (53.8%), it has a significant specificity (85.7%). Also, the positive predictive value (PPV) (70%) and the positive likelihood ratio (LR +) of sonography are desirable. In order to find out the extent of the agreement between the two assessors (emergency medicine resident and radiologist), the Kendall consensus coefficient was calculated which indicated a poor agreement among the assessors. However, this weak agreement was statistically significant (P=0.13). There is little agreement between the two evaluators in the final diagnosis ([Table 1](#table1){ref-type="table"}).

![Comparison of primary and final diagnosis of the patients with suspected lower extremity DVT](AIM-27-119-g001){#fig1}

###### Diagnostic accuracy of ultrasound performed by emergency medicine resident for diagnosis of DVT

  Diagnostic accuracy         Percent
  --------------------------- ---------
  Sensitivity                 53.8%
  Specificity                 85.7%
  Positive predictive value   70%
  Negative predictive value   75%

5.. DISCUSSION {#sec5}
==============

The results of this study showed that the sensitivity, specificity, positive and negative predictive value of ultrasonography performed by the third year emergency medicine resident was 53.8%, 85.7%, 70%, and 75%, respectively. In a study by Crowhurst et al. ([@ref6]) ultrasonography was first performed by the emergency physician with limited specific training at the patients' bedside. The patient was transferred to the radiology department again and the lower limb Doppler sonography was performed. The result showed that the sensitivity, specificity and accuracy of bedside sonography was 77.8%, 91.4% and 89.6%, respectively. In our study, the sensitivity and specificity of bedside ultrasonography for diagnosis of DVT was 53.8% and 85.7%, which was lower than the Crowhurst et al. study. In the study of Crowhurst et al., diagnosis of DVT was occurred significantly before the diagnosis at radiology department. They concluded that bedside ultrasonography y emergency physician to detect DVT is valuable ([@ref6]). The results of our study is consistent with the findings of the Crowhurst study, and reminds that in critical cases, treatment based on emergency medicine sonography can begin. In a study by Kim et al. ([@ref15]), the sensitivity and specificity of bedside sonography by the emergency physician for diagnosis of lower-extremity DVT were 86% and 93%, respectively. The results of our study showed slightly lower diagnostic accuracy than Kim et al. study ([@ref15]). One possible explanation for this may be performing ultrasonography by emergency medicine residents, compared to emergency physicians in Kim et al. study.

In the study of Caronia et al. ([@ref16]) to evaluate diagnostic accuracy of resident performed two-point compression ultrasound for DVT diagnosis have been shown that the prevalence of diagnosed above the knee DVT was 16%. 6 patients had common femoral vein isolated thrombosis and diagnosed 7 out of 9 patients with popliteal thrombosis. In none of 6 patients, femoral vein thrombosis was not detected. The sensitivity of DVT diagnosis above knee was 63% and its specificity was 97%. For common femoral and popliteal DVT, the sensitivity and specificity was 86 % and 97 %, respectively. The timing of the order to perform femoral ultrasonography was 14.7 hours by the radiology attendant. They concluded that bed side ultrasonography has low sensitivity in detecting femoral vein DVT in critical patients ([@ref16]). In our study, the sensitivity and specificity of three point compression ultrasonography by the third year emergency medicine resident for diagnosis of DVT was 53.8% and 85.7%, respectively. The above indicators were almost identical to the findings of the Caronia study ([@ref16]). In contrast to the results of our study, Abbasi et al. found that compression ultrasonography performed by emergency physician had an acceptable sensitivity for diagnosis of DVT, but its specificity was low ([@ref17]). This may be explained by doing the ultrasonography by emergency physician and emergency medicine resident. In another study by Shiver et al., it has been shown that an ultrasonography performed by an emergency medicine specialist, compared with CT venography had good diagnostic accuracy of femoropopliteal DVT. But many proximal DVTs were not properly evaluated by sonography ([@ref18]).

6.. CONCLUSION {#sec6}
==============

DEA Although the results of this study indicate insufficient sensitivity of three-point compression ultrasound performed by emergency medicine resident in diagnosis of lower limb DVT, the specificity, positive and negative predictive values and positive likelihood ratio were almost appropriate. Therefore, it seems that in hemodynamically stable patients with suspected lower extremity DVT, performing bedside three-point compression ultrasonography by emergency medicine resident seems to be beneficial.
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